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Objectives This study sought to assess the relationship of coronary angiography, intravascular ultra-
sound (IVUS) and fractional ﬂow reserve (FFR) between major epicardial vessel (MV) and side branch
(SB) ostial lesions.
Background Evaluation of ostial lesions is clinically very important. However, anatomical parameters
have limitations in the prediction of the functional signiﬁcance of coronary stenoses.
Methods IVUS and FFR measurement were performed in 93 lesions (MV: 38, SB: 55). Optimal angio-
graphic and IVUS criteria and their diagnostic accuracy for functionally signiﬁcant stenoses (FFR 0.8)
were assessed.
Results In MV ostial lesions, FFR had correlation with angiographic percent diameter stenosis (r 
0.68, p  0.001), minimum lumen area (MLA) by IVUS (r  0.55, p  0.001), percent plaque bur-
den (r  –0.42, p  0.011), and percent area stenosis (r  –0.49, p  0.003). Meanwhile, FFR had
no correlation with angiographic percent diameter stenosis (r  –0.067, p  0.635) and weak corre-
lation with MLA (r  0.30, p  0.026) in SB ostial lesions. In MV ostial lesions, best cutoff value of
angiographic percent diameter stenosis, MLA, percent plaque burden, and percent area stenosis to
determine the functional signiﬁcance was 53%, 3.5 mm2, 70%, and 50%. However, a statistically sig-
niﬁcant cutoff value of percent diameter stenosis and MLA could not be found in SB ostial lesions.
Conclusions The relations between angiographic/IVUS parameters and FFR were different between
MV and SB ostial lesions. Angiographic and IVUS parameters had poor diagnostic accuracy in pre-
dicting the functional signiﬁcance of SB ostial lesions. (Main Branch Versus Side Branch Ostial Lesion;
NCT01335659) (J Am Coll Cardiol Intv 2012;5:409–15) © 2012 by the American College of
Cardiology Foundation
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410Although coronary angiography is regarded as the gold
standard to evaluate coronary artery disease, it has limita-
tions in predicting the presence of myocardial ischemia in
ostial lesions. Accurate angiographic assessment of ostial
lesions is difficult due to vessel overlap, angulations, and
artifacts (1–3). Intravascular ultrasound (IVUS) can provide
accurate anatomical information, and earlier studies showed
that there was a good correlation between IVUS parameters
and physiological parameters (4–7). However, the relation-
ship between IVUS parameters and fractional flow reserve
(FFR) in ostial lesions has not been fully evaluated yet.
Moreover, recent reports suggest that IVUS parameters also
have limitations in the prediction of the functional signifi-
cance of coronary stenosis and their diagnostic accuracy
varies according to the location of lesions (8,9).
We sought to assess the relations between coronary
angiography, IVUS, and FFR in coronary ostial lesions and
to investigate the difference of those relations between major
epicardial vessel (MV) and side branch (SB) ostial lesions.
Methods
Patient population. From Febru-
ary 2009 to February 2011, patients
who had ostial stenosis of inter-
mediate degree (40% to 70% by
visual estimation) on elective coro-
nary angiography and who under-
went both IVUS and FFR for
MV or SB ostial lesions were con-
secutively enrolled in this study.
To be included, the stenosis
needed to be located within 3 mm
of the ostium. MV ostial lesion
was defined as the stenotic lesion
located at the ostium of left anterior descending, left
circumflex, or right coronary arteries. For SB ostial lesions,
SB with reference diameter 2.25 mm and vessel length
40 mm by visual estimation were included. Patients were
excluded if any of the following was present: left main ostial
lesion; acute ST-segment elevation myocardial infarction;
regional wall motion abnormalities of a target vessel seg-
ment; additional stenosis (50% by visual estimation) in the
target vessel; significant distal left main stenosis; left ven-
tricular ejection fraction 40%; primary myocardial or
valvular disease; contraindication to adenosine; presence of
collateral vessel; or angiographically visible thrombus at a
target lesion. In patients with acute coronary syndrome or
previous myocardial infarction, only the nonculprit artery
was included. The study protocol was approved by the
Institutional Review Board of our institution, and all pa-
tients provided written informed consent.
Study procedure. Angiographic images were acquired using
Abbreviations
and Acronyms
BCV  best cutoff value
FFR  fractional flow
reserve
IVUS  intravascular
ultrasound
MLA  minimum lumen area
MV  major epicardial
vessel
QCA  quantitative coronary
angiography
SB  side branchguiding catheter of 5- to 7-F. FFR was measured using a p.014-inch pressure guidewire (St. Jude Medical, Minneap-
lis, Minnesota) as previously described (10). Hyperemia
as induced with an intracoronary bolus administration
80 g in left coronary artery, 40 g in right coronary
rtery) or intravenous infusion (140 g/kg/min) of aden-
sine. In cases of ostial lesions of the right coronary
rtery, intravenous infusion of adenosine was used to
nduce maximal hyperemia while the guiding catheter
as positioned out of its ostium. The lesion was consid-
red functionally significant when FFR 0.8 (11).
IVUS was performed in a standard fashion using an
utomated motorized pullback system (0.5 mm/s) with
ommercially available imaging catheters (Boston Scientific/
CIMED, Minneapolis, Minnesota; or Volcano Corpora-
ion, Rancho Cordova, California). Intracoronary nitroglyc-
rin (100 to 200 g) was administered before IVUS or FFR
measurement.
Quantitative coronary angiography and IVUS analysis. Both
quantitative coronary angiography (QCA) and IVUS anal-
ysis were performed by an independent core laboratory at
Seoul National University Cardiovascular Center. Using the
guiding catheter for calibration and an edge detection
system (CAAS 5.7 QCA system, Pie Medical, Maastricht,
the Netherlands), the reference diameter, minimum lumen
diameter, and lesion length were measured and the percent
diameter stenosis was calculated. The reference diameter
was determined by the interpolated reference method (12).
Quantitative IVUS analyses were performed using comput-
erized planimetry software (echoPlaque, Indec Systems Inc.,
Santa Clara, California) as previously described (13). Min-
imum lumen area (MLA) was measured at the narrowest
luminal cross section and the reference area at the most
normal looking cross section within distal 10 mm of the
lesion. Percent plaque burden was calculated as: [100 
(external elastic membrane area – lumen area)/external
elastic membrane area] at the MLA site. Percent area
stenosis was calculated as: [100  (reference lumen area –
lesion lumen area)/reference lumen area]. The vessel re-
modeling index was defined as the ratio of the vessel area at
the site of MLA and that of reference site. Remodeling was
categorized as negative when the remodeling index was
0.95 (14).
Statistical analysis. Continuous variables were presented as
mean  SD and categorical variables as frequency and
ercentage. Comparison of continuous variables was per-
ormed using the Student t test and of discrete variables
sing the chi-square-test. Correlations between FFR and
ngiographic/IVUS parameters were assessed by Pearson or
pearman correlation analysis. Normality of continuous
ariables was checked using the histogram and Shapiro-
ilk test. For the variables with skewed distribution, such
s angiographic lesion length, lesion MLA, and percent
laque burden, nonparametric analyses were performed.
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411Receiver-operator characteristic curve analysis was used to
examine the angiographic and IVUS parameters as a pre-
dictor of the functional significance of a lesion (FFR 0.8).
The areas under the receiver-operator characteristic curve
between MV and SB were compared (15). The resulting
sensitivity and specificity were calculated. The best cutoff
value (BCV) was determined by the maximum sum of
sensitivity and specificity. All statistical analyses were per-
formed using SAS (version 9.1, SAS Institute Inc., Cary,
Table 1. Baseline Clinical Characteristics of the Patients
Major Vessel
(n  31)
Side Branch
(n  46) p Value
Age, yrs 64.9 1.5 62.1 1.25 0.198
Female 8 (21.1%) 17 (30.9%) 0.331
Initial diagnosis 0.906
Stable angina 24 (63.2%) 37 (67.3%)
Acute coronary syndrome 8 (21.2%) 10 (18.2%)
Diabetes mellitus 12 (31.6%) 14 (25.5%) 0.620
Hypertension 28 (73.7%) 31 (56.4%) 0.146
Hyperlipidemia 19 (50.0%) 28 (50.9%) 0.985
Smoking 13 (34.2%) 17 (30.9%) 0.765
Previous myocardial infarction 2 (5.3%) 3 (5.5%) 0.969
Left ventricular ejection fraction 62.0 1.5% 59.2 1.2% 0.134
Values are mean SD or n (%).
Table 2. Angiographic and Intravascular Ultrasound P
Major Vessel
FFR < 0.8
(n  14)
FFR > 0.8
(n  24)
Lesion location
LAD/LCX/RCA 11/3/0 16/7/1
Diagonal/OM
QCA
MLD, mm 1.1 0.1 1.6 0.1
RD, mm 3.3 0.2 3.2 0.1
% DS 65.4 3.3 51.3 2.5
LL, mm 10.4 1.8 6.8 1.3
IVUS
Lesion
Lumen area, mm2 3.0 0.5 4.9 0.4
Vessel area, mm2 11.8 1.1 12.9 0.8
% plaque burden 73.5 3.6 61.3 2.6
% area stenosis 56.7 5.3 38.0 3.9
Remodeling index 0.83 0.06 0.96 0.05
Negative remodeling 9 (64.3%) 11 (45.8%)
Distal reference
Lumen area, mm2 7.2 0.9 8.1 0.6
Vessel area, mm2 14.2 1.2 13.7 0.9
Values are mean SD or n (%).
DS diameter stenosis; FFR fractional flow reserve; IVUS intrav
circumflex artery; LL lesion length; MLDminimum lumen diameteRCA right coronary artery; RD reference diameter.North California) for Windows (version 16.0, Microsoft,
Redmond, Washington), and a p value 0.05 was consid-
ered statistically significant.
Results
One hundred and seven lesions were consecutively enrolled
and 14 lesions were excluded due to other lesions in the
target vessel (n  8), collateral feeder (n  1), myocardial
nfarction territory (n  1), or poor IVUS images (n  4).
herefore, 93 ostial lesions (MV 38, SB 55) in 77 patients
ere finally included in this study. The baseline clinical
haracteristics are shown in Table 1. There was no differ-
nce in clinical characteristics between the patients with
V and SB ostial lesions.
FFR versus angiographic and IVUS parameters. Angio-
raphic and IVUS parameters are summarized in Table 2.
unctionally significant lesions were 14 (36.8%) and 15
27.3%) in MV and SB ostial lesions, respectively. Negative
emodeling was more common in SB (72.7%) than in MV
52.6%) ostial lesions (p  0.046). In MV ostial lesions,
unctionally significant lesions had smaller minimum lumen
iameter and MLA and higher percent diameter stenosis,
ercent plaque burden, and percent area stenosis. In SB
stial lesions, MLA was smaller and percent plaque burden
eters
Side Branch
p Value
FFR < 0.8
(n  15)
FFR > 0.8
(n  40) p Value
0.658
14/1 36/4 0.823
0.005 0.8 0.1 1.0 0.1 0.064
0.727 2.2 0.1 2.4 0.1 0.039
0.002 66.4 3.6 60.9 2.2 0.196
0.108 8.4 1.4 5.9 0.9 0.252
0.001 2.0 0.4 2.9 0.2 0.002
0.431 6.5 0.6 6.6 0.4 0.817
0.011 65.9 4.0 54.3 2.4 0.018
0.007 48.5 5.2 44.9 3.0 0.585
0.094 0.86 0.04 0.83 0.03 0.570
0.488 9 (60%) 31 (77.5%) 0.270
0.414 3.9 0.5 5.3 0.3 0.008
0.738 7.4 0.7 8.0 0.4 0.454
ultrasound; LAD left anterior descending coronary artery; LCX left
obtusemarginal branch; QCA quantitative coronary angiography;aram
ascular
r; OM
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412was larger in functionally significant lesions. However, there
was no difference in angiographic percent diameter stenosis
and percent area stenosis between functionally significant
and insignificant lesions.
The relationships between FFR and angiographic and
IVUS parameters were shown in Figure 1. In MV ostial
lesions, FFR had good correlation with angiographic per-
cent diameter stenosis (r  –0.68, p  0.001), MLA (r 
.55, p  0.001), percent plaque burden (r  –0.42, p 
.011), and percent area stenosis (r  –0.49, p  0.003). In
B ostial lesions, FFR had no correlation with angiographic
arameters. There was weak correlation between FFR and
LA (r  0.30 p  0.03). When only the vessels with
50% diameter stenosis by QCA (MV: 27 cases, SB: 44
ases) were analyzed, FFR had correlation with angio-
raphic percent diameter stenosis (r  –0.441, p  0.021)
nd MLA (r  0.533, p  0.006) in MV, but not in SB
percent diameter stenosis: r  –0.048, p  0.757; MLA:
 0.253, p  0.102).
Figure 1. Relationships Among FFR and Angiographic and IVUS Parameter
Relationships among fractional ﬂow reserve (FFR) and angiographic and intrav
side branch (SB) ostial lesions. QCA  quantitative coronary angiography.Diagnostic accuracy of angiographic and IVUS parameters.
The receiver-operator characteristic curve analysis was performed
to assess the diagnostic accuracy of angiographic/IVUS parame-
ters for the prediction of functional significance in both MV and
SB ostial lesions (Fig. 2). In MV ostial lesions, BCV of angio-
graphic percent diameter stenosis, MLA, percent plaque burden,
and percent area stenosis was 53%, 3.5 mm2, 70%, and 50%,
espectively. However, statistically significant BCV could not be
ound in SB ostial lesions except for that of percent plaque burden
56%, area under the curve: 0.71, p  0.038). There were no
ifferences in areas under the curve between MV and SB ostial
esions. When the diagnostic accuracy of different angiographic
nd IVUS parameters were evaluated in MV ostial lesions, all
arameters had high negative predictive value (Fig. 3). However,
ositive predictive value of angiographic percent diameter stenosis
53%) was 58%. Sensitivity, specificity, and positive and negative
redictive values of MLA (3.5 mm2) was 83%, 75%, 69%, and
87%, respectively. For SB ostial lesions, the positive predictive
value of all angiographic and IVUS parameters were 50%.
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413Discussion
This study revealed that: 1) the relationship between ana-
tomical parameters and FFR was different between MV and
SB ostial lesions; 2) angiographic percent diameter stenosis
and MLA by IVUS had poor diagnostic accuracy in
predicting the functional significance of SB ostial lesions;
and 3) IVUS parameters showed high negative predictive
value in predicting the functional significance of a stenosis.
However, the low positive predictive value limits the use of
these parameters in defining the presence of ischemia.
Evaluation of ostial lesion is clinically important as an
MV ostial lesion can cause ischemia in large myocardial
territory, and MV and SB ostial lesions usually require
complex interventions. However, a previous study showed
that the angiographic evaluation is not accurate in the
prediction of functional significance in ostial lesions (3).
Moreover, recent IVUS studies suggested that IVUS pa-
rameters have limitations in predicting the functional sig-
nificance of a stenosis (8,9). In our study, when ostial lesions
were divided into MV and SB ostial lesions, the relations
between angiographic/IVUS parameters and FFR were
different between MV and SB ostial lesions. This may come
from the difference in the variability of the size of vessel and
Figure 2. ROC Curve Analysis of Angiographic and IVUS Parameters
Receiver-operator characteristic (ROC) curves of angiographic and IVUS parame
AUC  area under the curve; CI  conﬁdence interval; other abbreviations asbranching pattern of coronary trees. bIn MV ostial lesions, the correlations among FFR and
angiographic percent diameter stenosis (r  0.68) and
MLA by IVUS (r  0.55) was good. The BCV of MLA in
V ostial lesions was 3.5 mm2 and this parameter had good
iagnostic accuracy (area under the curve: 0.82) in predict-
ng the functional significance of a stenosis. However, the
ow positive predictive value (69%) limits the use of IVUS in
efining the presence of ischemia in these lesions. As the
egative predictive value of MLA was more than 80% in
oth MV and SB ostial lesions, MLA by IVUS seems to be
ore useful for excluding the presence of ischemia and
eferring the revascularization than for defining the pres-
nce of ischemia. The other IVUS parameters, such as
ercent plaque burden and percent area stenosis showed fair
iagnostic accuracy. It is interesting to notice that the
ngiographic percent diameter stenosis correlated well with
FR in our study. However, positive predictive value of
ngiographic percent diameter stenosis was 58%.
Previous studies that compared angiographic percent of
iameter stenosis and FFR in jailed SB lesions revealed that
he angiography overestimates the functional significance of
ailed SB lesions (16–19). However, the relationship be-
ween IVUS and FFR in SB ostial lesions has not been
valuated yet. In this study, there was no correlation
n prediction of functionally signiﬁcant stenosis in MV and SB ostial lesions.
ure 1.ters ietween angiographic parameters and FFR in SB ostial
J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 5 , N O . 4 , 2 0 1 2
A P R I L 2 0 1 2 : 4 0 9 – 1 5
Koh et al.
FFR Versus IVUS in Coronary Ostial Lesions
414lesions. Moreover, appropriate angiographic and IVUS
parameters to predict the functional significance of SB ostial
lesions were difficult to find. These results seem to be
natural considering the high variability of SB in vessel size,
branching pattern, and the amount of supplying myocar-
dium. As both the severity of a stenosis and the myocardial
mass determine the presence of myocardial ischemia, these
anatomical variations limit the value of angiographic and
IVUS assessment of SB ostial lesions. In a PHANTOM
(Physiologic and Anatomical Evaluation Prior to and After
Stent Implantation in Small Coronary Vessels) study, which
compared angiographic/IVUS parameters and FFR in small
and distal lesions, no anatomical parameters had correlation
with FFR (8).
Study limitations. First, the number of cases was relatively
small; therefore, the results cannot be completely free from
the selection bias. Second, as most of MV ostial lesions were
left coronary ostial lesions, the study results may not be
Figure 3. Diagnostic Accuracy of Angiographic and IVUS Parameters
Diagnostic accuracy of different angiographic and IVUS parameters in the pred
PPV  positive predictive value; other abbreviations as in Figure 1.applied to right coronary artery ostial lesions. Third, as thisstudy was performed in Korean patients, the absolute
numbers may not be applied as they are to different ethnic
groups. Fourth, the possible influence of proximal lesions
and the limitation of IVUS and QCA (20) in small vessels
should be considered. As the absolute blood flow is small in
SB, FFR of SB is more vulnerable to the influence of
proximal lesion. In a small vessel and angulated lesions such
as SB ones, mechanical stretch of lumen and vessel by IVUS
catheter could have influenced the results of IVUS
measurement.
Conclusions
The relations between angiographic/IVUS parameters and
FFR were different between MV and SB ostial lesions.
These parameters had poor diagnostic accuracy in predict-
ing the functional significance of SB ostial lesions. IVUS
parameters seem to be useful only in excluding the presence
of functionally signiﬁcant stenosis. NPV  negative predictive value;ictionof ischemia in ostial lesions.
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